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[57] ABSTRACT 

Disclosed is a communication system of the type 
adapted to communicate a message substantially simul- 
taneously between a plurality of fixed location sites 
having respective radio coverage areas. The system has 
an arrangement comprising first and second radio fre- 
quency transceiver means located at respective first and 
second sites. The first radio frequency transceiver 
means is designed for operating on a first set of frequen- 
cies. The second radio frequency transceiver means is 
designed for operating on a respective different set of 
frequencies than the first set of frequencies. The second 
radio frequency transceiver means has means for receiv- 
ing and converting the first set of frequencies to the 
respective different set of frequencies. 

38 Claims, 4 Drawing Figures 
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can result in the overlapping areas. Correction of these 

IMPROVED MULTIPL E SIT E COMMUNICATION problems is expensive. Although it is not necessary to 
SYSTEM implement multiple transmitters within the inaccessible 

area, this problem remains inherent to the system if the 
FIELD OF THE INVENTION 5 system is to provide normal wide area coverage. The 

The present invention relates to radio communication present invention avoids these problems by utilizing a 
systems and, more particularly, to radio communication novel technique operative within a trunked access sys- 
systems which transmit substantially simultaneously at tern. 

multiple sites. Trunked access radio systems are well known. In 

RAncrtnni rvn nF tuv nsjvPKXinM '° systems, a fixed number of duplex radio channels is 
BACKGROUND OF THE INVENTION ^^ung a large number of potential users. 

Radio communication over large or wide geographi- Through a central controller, the system allocates the 
cal areas has posed significant problems in the past radio channels to the mobile users depending upon their 
Systems of this type generally must make communica- communication need and deallocates the radio channel 
tion possible between mobile or portable equipment upon completion of a user's transmission, Communica- 
which have low power transmitters and which can tion between users and the central controller occurs on 
move m any direction within the wide area coverage. a designated link which can be a separate duplex control 
There are several types of fixed system configurations channel or some form of subaudiblc. audible, supra- 
which have been used to make such communication audible or subcarrier shared radio channel communica- 
possible. One general type of system mcludes a central- ^ tion. 
ized fixed-site receiver, a high power transmitter and a 

plurality of remotely located receivers connected by OBJECTS AND SUMMARY OF THE 

wireline or microwave back to the central site. Another INVENTION 
type includes mobUe repeaters which rebroadcast the Accordinrfv it k » a^m^r^i r^^^i^t r^r th^ «r^o«f 
radiocommunications,andathiidtypeof8y8temsimul. 25 of the present 

taneously transmits the radio comii^mication or mes- to prov.de a new and improved wide area 

sage from multiple fixed sites on the same frequenc^ ^u^l^"!!^^ '^"^"J* • 

Systems of this list type have often been refctSd to i J' ^ * "^J^' °^ P'^* 

"simulcast** systems * multiple site communication system to permit 

Although many idnds of these systems have been 30 communication to otherwise inaccessible cover- 
successfully implemented to cover substantially wide . 

geographical areas, none of these approaches are hand- . " ' "^'^^ present invention to pro- 

Uy designed to cover inaccessible areas, or frequency * communication system which can be imple- 

blocked areas. These areas include subterraneous loca- ™nted within a trunked access system, 
tions such as subways and sub-basements. Systems em- 33 One particular embodiment of the present invention 
ploying high power tratunitters or mobile repeaters comprises a communication system of the type adapted 
cannot overcome the frequency blocking problem since * message substantially simultaneously between 

reception of the frequency is inhibited Simulcast sys- ^ plurality of fixed location sites having respective radio 
terns, however, have enjoyed some success in overcom- coverage areas. The system has an arrangement com- 
ing this problem. 40 pnsing first and second radio frequency transmission 

Simulcast systems generally include a plurality of oceans located at respective first and second sites. The 
radio transmission and reception fixed sites, spaced radio frequency transmission means is designed for 

apart throughout the geographical area to be provided transmitting on a first set of frequencies. The second 
with radio communication coverage. Ideally, the fixed T^dio frequency transmission means is designed for 
sites are distributed such that areas not covered by one 43 transmitting on a respective different set of frequencies 
site will be covered by another site. The sites arc conse- the first set of frequencies. The second radiio 

quently distributed to create an overlapping patchwork frquency transmission means has means for receiving 
of individual radio coverage areas which, taken to- and converting the first set of frequencies to the respcc- 
gether, approxiniatcs the desired geographical coverage tive different set of frequencies, 
area. The message to be transmitted from each site is 50 It is preferred that the second radio frequency trans- 
conveyed from one site to each of the other sites by mission means has an antenna coupled thereto, but lo- 
microwave or wireline and subsequentiy transmitted by cated with the coverage area of the first site. Further, it 
all of the sites on the same frequency to be received by is preferred that the first site transmits control infonna- 
all of the mobiles and other portables within the wide tion separately for each respective site. Hence, control 
coverage area. 55 information transmitted from the first site is received at 

Employing a simulcast system to include coverage the second site through the antenna, the information is 
for otherwise inaccessible areas is impractical since it converted to one of the respective differentset of fre- 
generally entails installation of one or more additional quencies and retransmitted for units located within the 
radio tranunission and reception fixed sites within the coverage area of the second site. Accordingly, in a wide 
macccssiblc area. 60 area communication system, normalUy inaccessible 

Notwithstanding the burdensome cost of the addi- areas may be reached by locating communication equip- 
tionaUy installed microwave communication equip- ment thciein, as described above, for the second site, 
ment, a number of problems are encountered with si- ^ 

mulcast systems. One problem pertains to overlapping BRIEF DESCRIPTION OF THE DRAWINGS 
coverage areas necessary in simulcast systems to assure 65 The features of the present invention which are be- 
complete coverage by the transmitters. Because the lieved to be novel are set forth with particularity in the 
transmitters operate on the same frequency, beat note appended claims. The invention, together with further 
mterference and demodulated audio phase cancelUtion objects and advantages thereof, may best be understood 
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by making reference to the following description taken tion using BGCC through BGCC repeater 19 to those 

in conjunction with the accompanying drawings^ in the mobile units (24) located at site B. 

several figures of which like reference numerals identify As shown, site B is in a subterraneous environment, 

identical elements, and wherein: which would typically prevent mobiles located therein 

FIG. 1 is a schematic representation of a multisite S from communicating with equipment located within 

communication system depicted in accordance with the site A. However, converting repeaters 30 and 32 are 

present invention; us^d to translate communications between sites A and B 

FIG. 2 is a block diagram of the fixed site indentified via the above ground antennas 36 and 38 coupled to the 

as site A in FIG. 1 and which embodies one aspect of converting repeaters. Antennas 41 and 42 are used to 

the present invention; cotnmunicate information between units (24) located 

FIG. 3 is a block diagram of the fixed site indentified with the site B coverage area and the respective con- 
as site B in FIG, 1 and which embodies another aspect verting repeaters 30 a^d 32. None of the mobiles using 
of the present invention; and system are programmed to receive or transmit on 

FIG. 4 is a block diagram of one of the repeaters BGCC. Hence, any mobile located above ground, i.e. 

indentified as either a transmit/receive or a receive/- *^ within site A, may directly monitor AGCC, while any 

transmit repeater in FIG. 3 depicted in accordance with mobile located within site B. may communicate over 

the present invention. BGGG through one of the converting repeaters 30 or 

32 translating the communication to a directly monitor- 

DETAILED DESCRIPTIGN OF THE able site B channel. 

PREFERRED EMBODIMENTS 20 The two converting repeaters 30 and 32 of site B may 

Referring to FIG. 1, illustrated in schematic form is operate on the same set of frequencies. When a commu- 
an improved multisite communication system 10 for nication is transmitted from site A, other than over 
communication between units, such as mobUes, porta- AGCC, it is received through the above ground anten- 
bles, etc. The system includes two fixed transmitting nas 36 and 38 and converted to a channel which can be 
and receiving sites designated as sites A and B. Site A is received by mobiles in site B. Although only two sets of 
designated to handle general above ground communica- converting repeaters are shown, it should be under- 
tion, whUe site B is intended to handle an otherwise stood that a ^eatcr or lewer number of converting 
inaccessable area, such as an underground location. One rcpe&ten may be necessary depcndmg upon the particu- 
skiUed in the art can appreciate that the system can be , J" apphcation. Further, when using multiple convert- 
expanded to cover substantially wider areas of cover- J°« repeaters opemtmg on the same frequencies, over- 
agTone example of such anexpansion is described in ^^P «>verage between the repeater can avoid the simul- 
U S. Pat. No. 4;578.815, assigned to the assignee of the ^^1?'^^**^^ f- "'^f^*^^*:"^^ and demodu- 
resent invention lated audio phase cancellation by using rubidium stan- 

J A I i:^ r * dard reference osciUators at cach sct of repeaters 30 and 

Fixed site A mcludes radio frequency transmittmg 3^ ^ 

and receiving means in the form of general transmitter ^ u ^ ^ ^ -«o 1 -^u ^1. 

. * ^ - t ,^ The above ground antennas 36 and 38 along with the 

and receiver repeaters 12 for site A coamjumcaaon^ 3,, 3^ ^^^^^^ ^ 

mc udmg one or more fixed antem«is (14). Fixed site B ^^^.^annelsand BGCC. Site B is not implemented to 
mcludes one or more radio frequency transmittmg jmd ^„ aGCC. The repeaters 30 and 32 are 
recei^g means m the form of converting repeaters 30 40 designed to convert those channelToperative on site A, 
and 32 for site B onmnumcation. The tran«mtter and ^ ^ corresponding chan- 
receiver repeaten 12 for site A a« arr^ged for trans- ^^^^ 3 , whersite A trans- 
mittmg and receiving on a respective different group of .^^ frequency, the repeaters 30 and 32 con- 
frequencies than those of site B, with «ich repeater frequency to a "converted-BGCC" (C- 
bemg assigned a predetermined d^^^^^^^ fre- 45 BGCC) beforVrepeating that communication to mobile 
quencies per chamiel). Site A additionaUy mcludw one ^^^s 24 in site B. Ukewise, those channels used for site 
duplex data chamiel repeater (contamed withm block ^ communications are converted to correspond- 
12) for site A communication cx)ntrol, referred to as the • ^^j^ channels before being repeated 
above ground control channel (AGCC) repeater, and ^ ^^^^^ .34. jj, 3 

another duplex data chwrnel repeater 19 for site B com- 50 The following table Ulustrates an example of channel 

mumcadon control, referred to as the below ground allocation at each site, 
control channel (BGCC) repeater. 

The control channd information is provided by a 

central controller 16 which also handles the complete SITE A: AGCC (CHI CH2 CHS CH4), BGCC 

communication operation for sites A and B. Such opera- 55 SITE B: — (CHti CH12 CH13 CHU). C-BGCC; 

don includes monitoring for channel request, assigning 

channels, recording channel usage, etc. One manner of where CHI thru CH4 are used for voice communica- 
implementing the central controller 16 is to split its tion in site A, and CHll thru Chl4 are used for voice 
functions for each site. Accordingly, a site A central communication in site B. AGCC is used for control 
controller 18 and a site B central controller 20 are 60 information within site A, and BGCC is used for control 
shown representing central site controller 16. Each ' information within site B. BGCC corresponds to a con- 
central controller 18 and 20 is designated to handle only vered C-BGCC and CHI corresponds to a converted 
the central controller functions for its respective site. CHll, CH2 corresponds to a converted CH12, etc. 
Specifically, site A central controller 18 generates sig- Before the rest of the system is described in greater 
nailing channel information through one of the trans- 65 detail, it may be helpful to follow the progression of a 
mitter and receiver repeaters 12 using AGCC to mobile call made at each site. Each mobile unit has a storage 
units (22) which are located above ground. Site B cen- device which, among other information, contains its 
tral controller 20 generates signalling channel informa- own individual identity, a grouping and subgrouptng of 
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Other units to which the user can selectively communi- sion will momentarily be lost by that mobile unit. The 
cate, and a listing of control channels which are in use mobile unit will search for a control channel for the site 
at each site of the system. For a more detailed dcscrip- and the control channel will instruct it to the appropri- 
tion of such a device, reference may be made to U.S. ate voice channel to recapture the conversation. For 
Fat. Nos. 4,012,597 or 4,312,070 which arc assigned to 5 example, if mobile unit 24 of site B is communicating 
the assignee of the present invention. The mobile units over a below ground, or converted, voice channel and 
fluther include equipment which cause its receiver to travels above ground within coverage of site A, conver- 
scan the outbound or fixed site transmit frequencies sation will be momentarily lost. However, the mobile 
associated with the control channels until a suitably unit quickly begins scanning for a control channel, 
error free data signal is received. The mobile unit stops 10 Since there arc no mobile units programmed to receive 
Miching and remains on this control channel outbound an unconverted BGCC, mobile unit 24 quickly locks 
frequency until commanded to tune to another frc- onto AGCC which instructs it to configure itself for the 
quency or until the data signal degrades to an unusable appropriate voice channel to continue conversation. 
IcvcU at which time the control channel scanning re- a first alternative embodiment to the arrangement 
v., " discussed above includes additional transmitter and 

All mobUe equipment not engaged m an active call receiver repeaters U used exclusively for site A corn- 
remains tuned to the control channel of the site in the munication. If a mobile, communicating on one of these 
coverage area where it is located. For example, when exclusive site A repeaters, relocates within site B during 
T^^'^aJ^'^''^^^ ^ active call it remains communication, once the mobUe reestablishes the new 
tuned to AGCC. When a caU is requested by a mobile 20 control channel, the ceniwJ controller 16 switches all 
IS initiated by the user activat- „,obiles participating in the communication to one of 
mg the mobdctransnntter, the mobae transnutter trans. the nonexclusive chamiels, i.e., CHI, CH2, CH3 or 
^ts a request to the central controller vm its corre- CH4, thereby allowing communication above and 
I spending control channel TTus request contains the below ground as in the previous embodiment. 

™SI?KliT. ."^Ji^^irf"^ . ^""^ JH^^'^r '^^ ^^^^^'^S ^^''^ ^^^^^ allocation 

\ ^ "^^^ V also contams the type of service at each site for this type of configuration. 

1 required. For example, mobile unit 22 may request com- * 

munication with only a particular group of mobile units — — — 

located in site A. site a: agcc (chi ch2 ch3 ch4\ bgcc (chs-chio) 

Assuming mobile unit 22 of site A initiates a request 30 SITE B; - (CHii CH12 CHI3 chh), c-bgcC; 

for service, the request b received by the transmitter 

and receiver repeaters 12 and passes to site A central where CHS-CHIO depict the channels used exclusively 

controUer 18 for interpretation. Site A central control- for communication on site A. The remaining channels 

Icr 18 monitors the activity of all the system channels shown are used as described in the previous embodi- 
available and directs those mobiles in the group re- 35 ment 

quested by mobile unit 22 to an available channel. Those This type of configuration would be desirable in situ- 
mobile units monitoring AGCC and within the group ations where above ground units do not typically corn- 
being requested receive this assignment and configure municate with below ground units, and/or the number 
their respective receivers to monitor the assigned voice of above ground units demands more channel alloca- 
chanel for reception. 40 tion. 

Communication for mobUe units within the site B A second alternative embodiment includes an addi- 

coyerage area is more complex. Assuming that mobile tional site B central controller 21 and an additional 

unit 24 initiates a request for service, the request is trans- repeater 23. They are referred to as site B* central con- 

mitted over convertcd-BOCC. The repeaters convert troUer and BGCC* repeater, respectively. BGCC* is an 

the convcrted-BGCC back to the normal BGCC and 43 independent control channel exclusively handled by the 

repeat this information through one or more of the site B* central controller. In this embodiment, control 

above ground antennas 36 and 38 to BGCC repeater 15. channel communication at site B is split. Site B central 

This mformation is passed to site B central controUer 20 controUer 20, with BGCC repeater 19, communicates 

for interpretation. Site B central controUer 20 deter- control channel information over antenna 36 to the 

mines an available voice channel and both central con- 50 converting repeaters 31, while site B* central controUer 

troUers 18 and 20 assign a voice channel using their 21, with BGCC* repeater 19. communicates control 

respective control channel repeaters. If mobUe unit 22 is channel information over antenna 38 to the converting 

m the group requested by mobUe unit 24, mobile unit 22 repeaters 32. 

configures itself to monitor the assigned voice channel The voice channels operative within site B are also 

via AGCC. BGCC is translated by converting repeaters 55 spUt. Voice channels associated with converting repeat- 

30 and 32 to the convertcd-BGCC for communication ers 30 are distinct from voice channels associated with 

of this channel assignment in site B. Receiving this con- converting repeaters 32. Thus, a mobUe unit 24 located 

yertcd-BGCC mformation, mobUe unit 24 configures with site B, but nearer converting repeaters 32 than 

Itself to communicate on the convened voice channel converting repeaters 30, locks onto a converted 

«>rr«ponding to the assigned voice channel of site A. 60 BGCC* control channel. Conversely, a mobile unit 24 

Further communication proceeds with mobUe unit 24 located with site B. but nearer converting repeaters 30 

convcramg with other designated mobile units in site B than converting repeaters 32. locks onto a converted 

via the converted voice channel corresponding to the BGCC control channel. Transmission of information 

assigned voice chanel of site A, and to mobile units of from site A to site B is stiU maintained by translating site 

site A through the conversion/retransmission of the 65 A voice channels to site Bl (corresponding to the cov- 

channel through converting repeaters 30 and 32. cragc area of converting repcatcre 30), and site B2 (cor- 

When a mobUe umt travels from within one site cov- responding to the coverage ar«a of converting repeaters 

crage area to the other during a conversion, the conver- 32) voice channels, respectively. Communication bc- 
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twccn mobile units within site Bl and site B2 requires a catcd for specific coverage areas, this single arrange- 

conununication path which first traverses the site A ment is intended to sufHce in describing the essential 

coverage area, i.e., repeated above ground to the other requirements for one coverage area. Assuming four 

converting repeater. operative voice channels as in FIG. 2, the embodiment 

The following table illustrates the channel allocation s in FIG. 3 includes two types of repeaters, transmit/- 

at each site for this type of configuration. receive (t/r) and receive/transmit (r/t). The r/t repeat- 
ers 84, 86, 88, 90 and 92 are used to receive the frequen- 
SITE A: AGCC (CHI CH2 CIO CH4K BGCC BOCC* transmitted from above ground, convert those fre- 

SITE Bl: - (CHI 1 CH12 CHU OHM), C DGCC; quencies to the correspondmg below ground frequen- 

SITE B2: — (CHHi CHiacHtn CHIU), C-BOCC*; 10 cies, and repeat the received transmissions below 

ground. The above ground transmissions are received 
where CH111-CH114 depict the voice channels for site ^ a*>ove ground antenna 36, passed through a du- 

B2 corresponding to CHJ-CH4, respectively, and C- plexcr/filter H a prcamp 96, and finally through a 

BGCC* corresponds to the a converted BGCC* for use multicouplcr 98 before being operated upon by the r/t 

by mobile units within site B2. The remaining channels repeaters 84, 86, 88, 90 and 92. Once the r/t repeaters 

shown are used as described in the previous embodi- H 86, 88, 90 and 92 convert the frequencies, the con- 

ment verted signals arc passed through a multicoupler 100, 

Although this configuration may appear expensive in and coupled to a dupleser/filter 102, 104 or 106 before 

light of the additional equipment, since the converting being transmitted over its corresponding underground 

repeaters transmit on different frequencies this arrange- antenna 108. 110 or 112 to site B. 
ment avoids the nibbidium standard equipment required The t/r repeaters 74, 76, 78, 80 and 82, such as a 

when similcasting within site B, as in the previous em- Motorola model C74CLB7105AT, are used to receive 

bodiments. Also, in implementations which require the frequencies transmitted from mobiles below ground, 

significantly larger site B coverage areas, such as in a convert those frequencies to the coresponding above 

very long tunnel, alternating sets of converting repeat- ground frequencies, and repeat the received transrais- 

ers may be used with each other set using the same set sions above ground. The below ground transmissions 

of commimication channels. Hence, regardless of the are received by the below ground antennas 108, 110 and 

number of sets of converting repeaters, only two con- ix2. passed through the corresponding duplexer/filter 

trol channels are required for the entire site B coverage ^ 102, 104 or 106, a preamp 114, 116 or 118, and finally 

afca. through a multicoupler 120 before being operated upon 

Referring now to FIG. 2. iUustrated in greater detail ^y the t/r repeaters 74, 76, 78. 80 and 82. The multicou- 
15 the equipment from the original embodiment at site ^20 may be constructed with transmission line 3dB 

A. Assuxmng a 3 channel system, site A includes ^ quadrature coupler). Once the t/r repeaters 74, 76, 78. 

repeaters 44. 46, 48, 50, 52 and 5* which comprise the go and 82 convert the frequencies, the converted signals 
transmitter and receiver repeaters 12 lUustrated m FIG. ^5 ^ ^ combiner 122 to interface to the 

1. Associated with the repe4at«j is a tr^ com- ^ • duplexer/filter 94, The converted 

bmer 56. such as a OtUwave TJD SOO^IOT. and a re- ^^^^ ^ ^^^^ 

ceiv^multicoupler 58, such as a CeUwave RMC 800^ ti^ansmission tTthe site A equipment. 

8N. The transmitter combmer is coupled to a transmit- .vai^i »w o««-^;o**7ko* f^* oK^w* 

ting antemia 60a and the receiver multicoupler is cou- 40 ^^^^^^ V^^ l^u^!^^ 

to a receiving antenmi 60^. Four of the repeaters, multicouplers. preamps, combmers and duplexer/filters 

repeaters 48, 50. 52 and 54. comprise message ^el ^« ^^^^^ 

renters which are trunked for providing voice com- ^^^P^?^ ^""f Actors as power^fr^uency. band- 

mimication to the mobile units. Site A further includes "^'^"^ specificiations etc For detaded mfonmtion ref- 

its respective central controUer 18, such as a T1958 45 erence may l« made to Menmac ''^k J?^^^' 
manufactured by Motorola, Inc., which controls the 9*^ and CeUwave Cat. no. 985 

operation of the fixed radio equipment, such as the Referring now to FIG. 4 , illustrated in detail is an 

repeaters, and communicates whith the mobile unit embodmient of the t/r repeater and the r/t repeater of 

logic systems by the site's radio control channel re- ^G. 3. which may be used to avoid implementation of 

pcater 46. Site A fiirther mcludes the site B central 50 rubidium standard reference oscillators at each repeater 

controller, for which a Motorola T1938 may also be i° Regardless of whether the mput frequency is 

used, which communicates with the mobile unit logic ^i°8 converted up or down, the embodiment of FIG. 4 

systems in site B, Control information is provided to ^^^tails similar circuitry. The signal Input to the repeater 

units within site B via the BGCC repeater 44. Data ^ passed through a preamp 130 before being mixed by a 

communication between each central controller is pro- 55 mixer 134 with a signal output from synthesizer 132 at 

vided by an RS232 port 72a and 72*. respectively, avail- an appropriate intermediate frequency (IF). The IF 

able at each central controller. amphfier 136 provides appropriate amplification to the 

Each of the repeaters 44. 46, 48, 50, 52 and 54 in- mixer output signal for a second mixing stage. Synthe- 

cludes a transmitter which is oupled to t he transmitter sizer 132 is programmed by the reference input such 

combiner 56, and a receiver which is coupled to the tiO that the difference signal output from mixer 134 is an 

receiver multicoupler 58. As indicated, the repeaters are appropriate IF useful for a second mixing operation by 

arranged for operating on six different channels. Each mixer 138 to mix-up the signal output from IF amplifier 

channel is Indicated with a Roman numeral. Hence, the 136. Following mixer 138 is a power amplifier (P.A.) 

site A transmitting equipment is arranged for transmit- 142 used to amplify the signal before it is output to the 

ting/receiving on channels AI through AVI. 65 appropriate duplexer/mixer of FIG. 3. The squelch 

Referring now to FIG. 3, illustrated in greater detail circuit 144 is set to detect an amplification level output 

is one of the converting repeaters 30 or 32 at site B from from the IF amplifier 136. in which case the squelch 

FIG. 1. Although such arrangements could be dupli- circuit enables the P.A. to output the converted signal. 
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The following example may be helpful to illustrate 
why the rubidium standard is not necessary with this 
repeater implementation m site B. Consider an example 
of a typical repeater embodiment where the receiver 
receives an 800MHz signal, mixes the signal to the audio 
spectrum, and a transmitter mixes the signal from the 
audio spectrum back up to a nominal 801MHz signal. 
Further, consider a reference oscillator at the transmit- 
ter operating with 1 ppm accuracy. Worst case, the 
error incurred at the output of the transmitter is 801 
HZ, i.e., the transmitter is transmitting at 801.000801 
MHz. 

Using the embodiment of FIG. 4, cotisider the re- 
peater with the same nominal input and output, and 
with internal parameters as follows: 
n= input freq. to preamp 130 
f£Oi= nominal LO frcq. output from syn. 1 (132) 
dl== error in LO freq. output from syn. 1 (132) 
f£02= nominal LO freq. output from syn. 2 (140) 
d2 terror in LO freq. output from syn. 2 (140) 
f3» output freq. from F.A. 142, and 
f//rs frequency through LF. amplifier 136. 
Using the above parameters, and assuming F//rslO 
MHz nominal, the output of mixer 134 is 



10 



10 



15 



20 



25 



and the output of mixer 138 is: 

;2 +yi - (/ioi + Wloi +d2). 
or rather 



1. In a communication system of the type adapted to 
communicate a message substantially simultaneously 
between a plurality of fixed location sites having respec* 
tive radio coverage areas, an arrangement for providing 
communication to units within said coverage areas 
comprising: 

first radio frequency transmission means at a first one 
of said sites for transmitting to units on selected 
ones of a Hrst set of frequencies; 
second radio frequency transmission means at a sec- 
ond one of said sites for transmitting on selected 
ones of a second set of frequencies different than 
said first set of frequencies, said second radio fre- 
quency transmission means having means for re- 
ceiving selected ones of said first set of frequencies 
and means for converting selected ones of said first 
set of frequencies to ones of said second set of 
frequencies; and 
control means at said first site and coupled to said first 
radio frequency transmission means for selecting 
among said first and second set of frequencies to 
communicate on channels at said first and second 
sites whereby said message may be substantially 
simultaneously communicated at said respective 
sites. 

2. The arrangement for providing communication, in 
accordance with chiim 1, further including reception 
means at said first site, coupled to said tramsmission 
means at said first site, and reception means at said 
second site, coupled to said transmission means at said 
second site, whereby said reception means at said sec- 
ond site receives a message from units within said sec- 
ond site and retransmits said message to said first site, 

35 received at said first site using said reception means at 
said first site, for retransmission at said first site using 
said transmission means at said first site. 

3. The arrangement for providing communication, in 
accordance with claim 1, wherein said control means 
further includes a plurality of individual control means, 
each dedicated to a respective site. 

4. The arrangement for providing communication, in 
accordance with claim 1, wherein said first site further 
mcludes means for generating control information 
which may designate and assign units monitoring said 
control information to a selected one of said frequen- 
cies. 

5. The arrangement for providing communication, in 
accordance with claim 1, wherein said second site fur- 
ther includes a plurality of radio repeaters each simulta- 
neously receiving and converting between ones of said 
first set of frequencies and ones of said respective difTcr- 
ent set of frequencies. 

6. The arrangement for providing commimication. in 



where dZ-dl is the error. Further, since fLOl must equal 
790 MHz and fim must equal 791 MHz for a nominal 
output of 801 MHz, it can be deduced that dl=790 Hz 
and d2=791 Hz. Accordingly, the error at the output is 
1 Hz, while the typical repeater embodiment, as de- 
scribed above, realizes an error of 801 Hz. This 801:1 
improvement results from the errors in the two L.O. 
frequencies subtracting at the output, and will ade- 
quately suffice in avoiding the simulcast overlap prob- 
lems previously discussed. 

The present invention therefore provides a new and 
improved system and method for multiple site radio 
communication which can practically accomodate 
what would otherwise be inaccessible areas of cover- 
age. Because the repeaters located within the inaccessi- 
ble area arc transmitting on a respective different set of 
frequencies, mobiles can be assured of stron reception 
on one set of grcquencies without interference between 

the typically inaccessible site and the other transmitting „ ^ _^ 

site. An additional benefit of the above arrangement is 55 accordance with claim 5, wherein each said repeater 
that additional communication equipment, such as mi- further includes a substantially stable reference oscilla- 
crowave equipment, between the multiple sites is not tor coupled thereto. 

neccessary. Further, because access of the system is 7. The arrangement for providing communication, in 
controlled by a centralized controller in a trunking accordance with claim 1, wherein said second radio 
manner, equal access of the system is provided to many 60 frequency transmission means further includes single 
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potential users. 

While the invention has been particularly shown and 
described with reference to a preferred embodiment, it 
will be understood by those skilled in the art that vari- 
ous other modifications and changes may be made to 
the present invention described above without depart- 
ing from the spirit and scope thereof. 

What is claimed is: 



65 



reference frequency mixing means for converting se- 
lected ones of said first set of frequencies to ones of said 
respective different set of frequencies. 

8. The arrangement for providing communication, in 
accordance with claim 1, wherein said second radio 
frequency transmission means further includes an an- 
teima coupled thereto and located within said coverage 
area of said first site. 
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9. The arrangement for providing conununication. in 
accordance with claim 1, further including means for 
transmitting control information on separate channels, 
one for each respective site. 

10. The arrangement for providing communication, 
in accordance with claim 1, wherein said first site is 
substantially above ground and said second site is sub- 
stantially below ground. 

11. In a commimicaiton system of the type adapted to 
communicate a message substantially simultaneously 
between a plurality of fixed location sites having respec- 
tive radio coverage areas, an arrangement for providing 
communication to units within said coverage areas 
comprising: 

fizst radio frequency transmission means at a first one 
of said sites for transmitting, on separate frequen- 
cies» dedicated channel control information to re- 
spective sites, and for transmitting voice informa- 
tion to units within at least its site, on selected ones 
of a set of frequencies; 

second radio frequency transmission means at a sec- 
ond one of said sites for retransmitting said voice 
information to units located within its respective 
site according to said channel control information 
transmitted form said first radio frequency trans- 
mission meanst said second site further including a 
plurality of radio repeaters for receiving and con- 
verting between ones of said set of frequencies and 
ones of a second set of frequencies different than 
said first set of frequencies, said second set of fre- 
quencies for said coverage area of said second site; 
and 

control means at said first site and coupled to said first 
radio frequency transmission means for selecting 
amoun said selected frequencies to communicate 
on channels at said first and second sites whereby 
said message may be communicated substantially 
simultaneously at said respective sites. 

12. The arrangement for providing communication, 
in accordance with claim 11, further including recep- 
tion means at said first site, coupled to said transmission 
means at said first site, and reception means at said 
second site, coupled to said transmission means at said 
site receives a message from units within said second 
site and retransmits said message to said first site, re- 
ceived at said first site using said reception means at said 
first site, for retransmission at said first site using said 
transmission means at said first site. 

13. The arrangement for providing communication, 
in accordance with claim 11, wherein said control 
means further includes a plurality of individual control 
means, each dedicated to a re^>ective site. 

14. The arrangement for providing conununication, 
in accordance with claim 11, wherein said first site 
further includes means for generating control informal 
tion which may designate and assign units monitoring 
said control information to a selected one of said fre- 
quencies. 

15. The arrangement for providing communication, 
in accordance with claim 11, wherein each said repeater 
further includes a substantially stable reference oscilla- 
tor coupled thereto. 

16. The arrangement for providing communication, 
in accordance with claim 11. wherein said second radio 
frequency transmission means further includes single 
reference frequency mixing means for converting be- 
tween selected ones of said Hrst set of frequencies and 
ones of said respective different set of frequencies. 
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17. The arrangement for providing communication, 
in accordance with claim 11, wherein said second radio 
frequency transmission means further includes an an- 
tenna coupled thereto and located within said coverage 

S area of said first site. 

18. The arrangement for providing communication, 
in accordance with claim 11, further including third 
radio frequency transmission means at a third one of 
said sites for retransmitting said voice information to 

10 units located within its respective site according to said 
channel control information transmitted from said first 
radio frequency transmission means. 

19. The arrangement for providing communication, 
in accordance with claim 11, wherein said first site is 

15 substantially above ground and said second site is sub- 
stantially below ground. 

20. In a communication system of the type adapted to 
communicate a message substantially simultaneously 
between a plurality of fixed location sites having respec- 

20 tive radio coverage areas, an arrangement for providing 
communication from units within said coverage areas 
comprising: 

first radio frequency transmission means, and recep- 
tion means at a first one of said sites for receiving 
25 from units on selected ones of a first set of frequen- 
cies; 

second radio frequency transmission and reception 
means at a second one of said sites for receiving 
transmission from units on selected ones of a scc- 
30 ond set of frequencies different than said first set of 
frequencies, said second radio frequency transmis- 
sion means having means for converting said sec- 
ond set of frequencies to said first set of frequen- 
cies; and 

35 control means at said first site and coupled to said first 
radio frequency transmission means for selecting 
among said first and second set of frequencies to 
communicate on channels at said first and second 
sites whereby said message may be substantially 
40 simultaneously conununicated at said respective 
sites. 

21. The arrangement for providing conununication, 
in accordance with claim 20, wherein said transmission 
means at said second site has means for retransmitting to 

45 units at said first site. 

22* The arrangement for providing communication, 
in accordance with claim 20, wherein said control 
means further includes a plurality of individual control 
means, each dedicated to a respective site. 
50 23. The arrangement for providing communication, 
in accordance with claim 20, wherein said first site 
further includes means for generating control informa- 
tion which may designate and assign units monitoring 
said control information to a selected one of said frc- 
55 quencies. 

24. The arrangement for providing communication, 
in accordance with claim 20, wherein said second site 
further includes a plurality of raqdio repeaters each 
simultaneously receiving and converting between ones 

60 of said first set of frequencies and ones of said respective 
different set of frequencies. 

25. The arrangement for providing communication, 
in accordance with claim 23, wherein each said repeater 
further includes a substantially stable reference oscilla- 

65 tor coupled thereto. 

26. llie arrangement for providing communication, 
in accordance with claim 20, wherein said second radio 
frequency transmission means further includes single 
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reference frequency mixing means for converting se- 
lected ones of said first set of frequencies to ones of said 
respective different set of frequencies. 

27. The arrangement for providing communication> 
in accordance with claim 20, wherein said second radio 5 
firequency transmission means further includes an an* 
tenna coupled thereto and located within said coverage 
area of said first site. 

28. The arrangement for providing communication, 
in accordance with claim 20, further including means ID 
for transmitting control information on separate chan- 
nels, one for each respective site. 

29. The arrangement for providing communication, 
in accordance with claim 20, wherein said first site is 
substantially above ground and said second site is sub- 15 
stantiaily below ground. 

30. In a communication system of the type adapted to 
communicate a message substantially simultaneously 
between a plurality of fixed location sites having respec- 
tive radio coverage areas, an arrangement for providing 20 
communicattoa from units within said coverage areas 
comprising: 

first radio frequency transmission means and recep- 
tion means at a first one of said sites for transmit- 
ting, on separate frequencies, dedicated channel 25 
control information to respective sites, and for 
receiving voice information from units within at 
least its site, on selected ones of a set of frequencies; 

second radio frequency reception means and trans- 
mission means at a second one of said sites for 30 
retransmitting voice information from units located 
within its respective site using said channel control 
information transmitted from said first radio fre- 
quency transmission means, said second site further 
including a plurality of radio repeaters for receiv- 35 
ing and converting between ones of said set of 
frequencies and ones of a second set of frequencies 
different from said first set of frequencies, said 
second set of frequencies for said coverage area of 
said second site; and 40 

control means at said first site and coupled to said first 
radio frequency transmission means for selecting 
among said selected frequencies to communicate 
on channels at said first and second sites whereby 
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said message may be communicated substantially 
simultaneously at said respective sites. 

31. The arrangement for providing communication, 
in accordance whtin claim 30, wherein said transmission 
means at said second site further includes transmission 
means for transmitting within said first site. 

32. The arrangement for providing communication, 
in accordance with claim 30, wherein said control 
means further includes a plurality of individual control 
means, each dedicated to a respective site. 

33. The arrangement for providing communication, 
in accordance with claim 30, wherein said first site 
further includes means for generating control informa- 
tion which may designate and assign units monitoring 
said control information to a selected one of said fre- 
quencies. 

34. The arrangement for providing conununication, 
in accordance with claim 30. wherein each said repeater 
further includes a substantially stable reference oscilla- 
tor coupled thereto. 

35. The arrangement for providing communication, 
in accordance with claim 30, wherein said second radio 
frequency transmission means further includes single 
reference frequency mixing means for converting be- 
tween selected ones of said first set of frequencies and 
ones of said respective different set of frequencies. 

36. The arrangement for providing conununicatton, 
in accordance with claim 30, wherein said second radio 
frequency transmission means further includes an an- 
tenna coupled thereto and located within said coverage 
area of said first site. 

37. The arrangement for providing conmiunication, 
in accordance with claim 30, funher including third 
radio frequency transmission means at a third one of 
said sites for retransmitting said voice information to 
units located within its respective site according to said 
channel control information transmitted from said first 
radio frequency transmission means. 

38. The arrangement for providing communication, 
in accordance with claim 30, wherein said first site is 
substantially above ground and said second site is sub- 
stantially below ground. 
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